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Mission

Develop and provide a demonstration of an

operations concept for assisting a
spacecraft crew in making informed optimal

decisions in the face of uncertainty.

Crew = on-board crew
= ground-based crew

Uncertainty = uncertain cause
= variable context
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Reaction Control System (RCS)

* Rotational movement
*Attitude control
* Translational movement

*VVelocity change
» Used alone or
with MPS or OMS
 Minimum number jets
required
* Hypergolic propellants
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Problem

Busy

Many displays available

Massive amounts of cryptic data
Repetitive, usually nothing breaks
Changes are subtle

Notification of anomaly is subtle

Fatigue, decreased vigilance, complacency




Possible Solutions

» Task-oriented display redesign
* Automate




Possible Solutions

» Task-oriented display redesign

* Automation problems
— Complex systems
— Complex interaction of components
— Model fidelity
— Sensor limitations
— OOTLF (Out of the loop familiarity)




Possible Solutions

» Task-oriented display redesign

* Automation problems
— Complex systems
— Complex interaction of components
— Model fidelity
— Sensor limitations
— OOTLF (Out of the loop familiarity)

 Coordinate automation with human
participation




IDAT

Operational concept in the embodiment
of a tool

Decision support tool that works In
tandem with crew

Assists crew with uncertain cause or
variable context

Provides germane information




IDAT Prototype Overview

>
Data Monitoring
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Decision
Analysis

Diagnosis
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Propulsion
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IDAT Prototype Architecture

>
Data Monitoring
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Decision
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Diagnosis




Monitoring

User / GUI

Decision / \ Diagnosis

Analysis
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» Purpose: Generate a data stream for concept demonstration
« STS-114 data (RCS parameters, 15 minutes)
* Prototype Challenges

» Map desired parameter to MSID
« Multiple configurations (8)
e Simulate {normal, secure, xfeed, partial xfeed} X {ok, leak}
* Introduce a leak
 Transition between configurations
* Appears on Ul as:
* Relevant cues, OPS Timeline
 State of schematic components
 “Mission Impact Timeline” (representative data)




l User / GUI

mommE e

Decision
Analysis

Diagnosis
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* Purpose: Monitor incoming data for anomalous behavior
 Implementation: (substitute system) LOOKS for a leak, only
* Appears on Ul as:

» Causes IDAT to appear

* “Problem” section




Monitoring

l User / GUI

EE e | e

Decision
Analysis

* Purpose: lIdentify root cause(es) of anomalous situation
* Implementation: (substitute system) Hand-coded
* Appears on Ul as
» “Root Cause Options™ section
» Likelihood and confidence
 Currently provides criticality,
time to respond, and time to criticality
» State of schematic components per root cause




Monitoring

/ User / GUI

Decision Diagnosis e
Analysis e

* Purpose: Rank mitigation options for highest utility
° Mitigation options {ignore, isolate, xfeed, icnct, abort}
« Basic model in Netica
5 inpUtS {leak rate, ttc, press. diff, prop. quantity, other RCS state}
3 eXpert-knOW|edge nodes {resources used, vehicle damage, crew factor}
* Issues
« Parameter optimization
* Does not take diagnosis into account
» Appears on Ul as “Mitigation Options” section:
« Options ranked by utility
* Pros & Cons encode expert-knowledge node values




Summary

* Operational concept for C&W under uncertainty
* Prototype system that presents information to help
crew
— Resolve ambiguity of multiple root causes
— Determine method for mitigating problem
* Evolving discussion
— Many issues remain to be resolved
— User involvement necessary
— Tie it into operational concept for overall C&W




Future Work

User Interaction

Data System

Diagnosis System

Decision Support System

Mitigation Procedures

Human Factors (Display)
Operations concept for C&W system




Scenario
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